Here comes all-oral treatment ■ ■ ABSTRACT Treatment for chronic hepatitis C virus (HCV) infection is evolving rapidly. The approval in 2013 of two new directacting antivirals-sofosbuvir (a polymerase inhibitor) and simeprevir (a second-generation protease inhibitor)-opens the door for an all-oral regimen, potentially avoiding interferon and its harsh side effects. Other direct-acting antivirals are under development.
I
n late 2013, the US Food and Drug Administration (FDA) approved sofosbuvir and simeprevir, the newest direct-acting antiviral agents for treating chronic hepatitis C virus (HCV) infection. Multiple clinical trials have demonstrated dramatically improved treatment outcomes with these agents, opening the door to all-oral regimens or interferon-free regimens as the future standard of care for HCV.
See related editorial, page 173
In this article, we discuss the results of the trials that established the efficacy and safety of sofosbuvir and simeprevir and led to their FDA approval. We also summarize the importance of these agents and evaluate other direct-acting antivirals currently in the pipeline for HCV treatment.
The aim of HCV treatment is to achieve a sustained virologic response, defined as having no detectable viral RNA after completion of antiviral therapy. This is associated with substantially better clinical outcomes, lower rates of liver-related morbidity and all-cause mortality, and stabilization of or even improvement in liver histology. 6, 7 This end point has traditionally been assessed at 6 months after the end of therapy, but recent data suggest the rates at 12 weeks are essentially equivalent. 
Interferon plus ribavirin:
The standard of care for many years HCV treatment has evolved over the past 20 years. Before 2011, the standard of care was a combination of interferon alfa-polyethylene 
Trials discussed in this paper

FIGURE 1
Hepatitis C virus (HCV) undergoes a number of steps in order to infect a host cell and replicate. New direct-acting antiviral agents can block the process at different points, offering hope of a sustained virologic response (ie, a cure) with an all-oral regimen.
glycol (peg-interferon), given as a weekly injection, and oral ribavirin. Neither drug has specific antiviral activity, and when they are used together they result in a sustained virologic response in fewer than 50% of patients with HCV genotype 1 and, at best, in 70% to 80% of patients with other genotypes. 8 Nearly all patients receiving interferon experience side effects, which can be serious. Fatigue and flu-like symptoms are common, and the drug can also cause psychiatric symptoms (including depression or psychosis), weight loss, seizures, peripheral neuropathy, and bone marrow suppression. Ribavirin causes hemolysis and skin complications and is teratogenic. 9 An important bit of information to know when using interferon is the patient's IL28B genotype. This refers to a single-nucleotide polymorphism (C or T) on chromosome 19q13 (rs12979860) upstream of the IL28B gene encoding for interferon lambda-3. It is strongly associated with responsiveness to interferon: patients with the IL28B CC genotype have a much better chance of a sustained virologic response with interferon than do patients with CT or TT.
Boceprevir and telaprevir: First-generation protease inhibitors
In May 2011, the FDA approved the NS3/4A protease inhibitors boceprevir and telaprevir for treating HCV genotype 1, marking the beginning of the era of direct-acting antiviral agents. 10 When these drugs are used in combination with peg-interferon alfa and ribavirin, up to 75% of patients with HCV genotype 1 who have had no previous treatment achieve a sustained virologic response.
But despite greatly improving the response rate, these first-generation protease inhibitors have substantial limitations. Twenty-five percent of patients with HCV genotype 1 who have received no previous treatment and 71% of patients who did not respond to previous treatment will not achieve a sustained virologic response with these agents. 11 Further, they are effective only against HCV genotype 1, being highly specific for the amino acid target sequence of the NS3 region. Also, they must be used in combination with interferon alfa and ribavirin because the virus needs to mutate only a little-a few amino-acid substitutions-to gain resistance to them. 12 Therefore, patients are still exposed to interferon and ribavirin, with their toxicity. In addition, dysgeusia is seen with boceprevir, rash with telaprevir, and anemia with both. 13, 14 Finally, serious drug-drug interactions prompted the FDA to impose warnings for the use of these agents with other medications that interact with CYP3A4, the principal enzyme responsible for their metabolism. Thus, these significant adverse effects dampen the enthusiasm of patients contemplating a long course of treatment with these agents.
The need to improve the rate of sustained virologic response, shorten the duration of treatment, avoid serious side effects, improve efficacy in treating patients infected with genotypes other than 1, and, importantly, eliminate the need for interferon alfa and its serious adverse effects have driven the development of new direct-acting antiviral agents, including the two newly FDA-approved drugs, sofosbuvir and simeprevir.
Nearly all patients on interferon experience side effects, which can be serious Sofosbuvir has been tested in combination with interferon and ribavirin, as well as in interferon-free regimens
Sofosbuvir is a uridine nucleotide analogue that selectively inhibits the HCV NS5B RNA-dependent RNA polymerase (FIGURE 1). It targets the highly conserved nucleotidebinding pocket of this enzyme and functions as a chain terminator. 15 While the protease inhibitors are genotype-dependent, inhibition of the highly conserved viral polymerase has an impact that spans genotypes.
Early clinical trials of sofosbuvir
Sofosbuvir has been tested in combination with interferon alfa and ribavirin, as well as in interferon-free regimens (TABLE 2) . [16] [17] [18] [19] [20] Rodriguez-Torres et al, 15 in an early double-blind clinical trial, randomized 64 previously untreated patients with HCV genotype 1 to receive one of three doses of oral sofosbuvir (100, 200, or 400 mg) plus interferon and ribavirin or placebo plus interferon and ribavirin for 4 weeks, followed by 44 weeks of interferon and ribavirin alone. The rates of sustained virologic response were:
• 56% with sofosbuvir 100 mg, peg-interferon, and ribavirin • 83% with sofosbuvir 200 mg, peg-interferon, and ribavirin • 80% with sofosbuvir 400 mg, peg-interferon, and ribavirin • 43% with peg-interferon and ribavirin alone. The ATOMIC trial 16 tested the efficacy and safety of sofosbuvir in combination with peg-interferon and ribavirin in patients with HCV genotype 1, 4, or 6, without cirrhosis, who had not received any previous treatment. Patients with HCV genotype 1 were randomized to three treatments:
• Sofosbuvir 400 mg orally once daily plus peg-interferon and ribavirin for 12 weeks • The same regimen, but for 24 weeks • Sofosbuvir plus peg-interferon and ribavirin for 12 weeks, followed by 12 weeks of either sofosbuvir monotherapy or sofosbuvir plus ribavirin. The rates of sustained virologic response were very high and were not significantly different among the three groups: 89%, 89%, and 87%, respectively. Patients who were able to complete a full course of therapy achieved even higher rates of sustained virologic response, ranging from 96% to 98%. The likelihood of response was not adversely affected by the usual markers of a poorer prognosis, such as a high viral load (≥ 800,000 IU/mL) or a non-CC IL28B genotype. Although patients with cirrhosis (another predictor of no response) were excluded from this study, the presence of bridging fibrosis did not seem to affect the rate of sustained virologic response. The results in patients with genotypes other than 1 were very encouraging, but the small number of patients enrolled precluded drawing firm conclusions in this group.
Important implications of the ATOMIC trial include the following:
There is no benefit in prolonging treatment with sofosbuvir beyond 12 weeks, since adverse events increased without any improvement in the rate of sustained virologic response.
There is a very low likelihood of developing viral resistance or mutation when using sofosbuvir.
There is no role for response-guided therapy, a concept used with protease inhibitor-based regimens in which patients who have complete clearance of the virus within the first 4 weeks of treatment (a rapid virologic response) and remain clear through 12 weeks of treatment (an extended rapid viral response) can be treated for a shorter duration without decreasing the likelihood of a sustained virologic response.
Lawitz et al 17 conducted a randomized double-blind phase 2 trial to evaluate the effect of sofosbuvir dosing on response in noncirrhotic, previously untreated patients with HCV genotype 1, 2, or 3. Patients with HCV genotype 1 were randomized to one of three treatment groups in a 2:2:1 ratio: sofosbuvir 200 mg orally once daily, sofosbuvir 400 mg orally once daily, or placebo, all for 12 weeks in combination with peg-interferon (180 μg weekly) and ribavirin in a dosage based on weight. Depending on the viral response, patients continued peg-interferon and ribavirin for an additional 12 weeks if they achieved an extended rapid viral response, or 36 weeks if they did not achieve an extended rapid virologic response, and in all patients who received placebo. Patients with HCV genotype DUGUM AND O'SHEA 2 or 3 were given sofosbuvir 400 mg once daily in combination with interferon and ribavirin for 12 weeks.
As in the ATOMIC trial, all patients treated with sofosbuvir had a very rapid reduction in viral load: 98% of patients with genotype 1 developed a rapid virologic response, and therefore almost all were eligible for the shorter treatment course of 24 weeks. 17 The latter finding again suggested that response-guided treatment is not relevant with sofosbuvirbased regimens.
Very high rates of sustained virologic response were seen: 90% in patients with genotype 1 treated with sofosbuvir 200 mg, 91% in those with genotype 1 treated with 400 mg, and 92% in those with genotype 2 or 3. Although 6% of patients in the 200-mg group had virologic breakthrough after completing sofosbuvir treatment, no virologic breakthrough was observed in the 400-mg group, suggesting that the 400-mg dose might suppress the virus more effectively.
17
The ELECTRON trial 18 was a phase 2 study designed to evaluate the efficacy and safety of sofosbuvir and ribavirin in interferon-sparing and interferon-free regimens in patients with HCV genotype 1, 2, or 3 infection. Sofosbuvir was tested with peg-interferon and ribavirin, with ribavirin alone, and as monotherapy in previously untreated patients with genotype 2 or 3. A small number of patients with genotype 1 who were previously untreated and who were previously nonresponders were also treated with sofosbuvir and ribavirin.
All patients had a rapid virologic response, and viral suppression was sustained through the end of treatment. All patients with genotype 2 or 3 treated with double therapy (sofosbuvir and ribavirin) or triple therapy (sofosbuvir, peg-interferon, and ribavirin) achieved a sustained virologic response, compared with only 60% of patients treated with sofosbuvir monotherapy. The monotherapy group had an equal number of relapsers among those with genotype 2 or 3. Of the genotype 1 patients treated with sofosbuvir and ribavirin, 84% of those previously untreated developed a sustained virologic response, whereas only 10% of the previous nonresponders did.
Phase 3 clinical trials of sofosbuvir
The NEUTRINO trial 19 studied the efficacy and safety of sofosbuvir in previously untreated patients with HCV genotype 1, 4, 5, or 6. In this phase 3 open-label study, all patients received sofosbuvir plus peg-interferon and weight-based ribavirin therapy for 12 weeks. Of the patients enrolled, 89% had genotype 1, while 9% had genotype 4 and 2% had genotype 5 or 6. Overall, 17% of the patients had cirrhosis.
The viral load rapidly decreased in all patients treated with sofosbuvir irrespective of the HCV genotype, IL28B status, race, or the presence or absence of cirrhosis. Ninety-nine percent of patients with genotype 1, 4, 5, or 6 achieved a rapid virologic response, and 90% achieved a sustained virologic response at 12 weeks after completion of treatment with sofosbuvir and ribavirin. Patients with cirrhosis had a slightly lower rate of sustained virologic response (80%, compared with 92% in patients without cirrhosis). Also, patients with non-CC IL28B genotypes had a lower rate of sustained virologic response (87% in non-CC allele vs 98% in patients with the favorable CC allele).
The FISSION trial 19 recruited previously untreated patients with genotype 2 or 3 and randomized them to therapy with either sofosbuvir plus ribavirin in a weight-based dose for 12 weeks, or 24 weeks of interferon and ribavirin. In this study, 20% of patients in each treatment group had cirrhosis.
As in the NEUTRINO trial, the viral load rapidly decreased in all patients treated with sofosbuvir irrespective of HCV genotype, IL28B status, race, or the presence or absence of cirrhosis. Here, 100% of patients with genotype 2 or 3 who were treated with sofosbuvir and ribavirin achieved a rapid virologic response. Differences in outcome emerged based on genotype: 97% of those with genotype 2 and 56% of those with genotype 3 achieved a sustained virologic response. The overall rate was 67%, which was not different from patients treated with peg-interferon and ribavirin. In the subgroup of patients with cirrhosis, 47% of those treated with sofosbuvir and ribavirin achieved a sustained virologic response, vs 38% of those who received peg-interferon plus ribavirin.
Response rates with sofosbuvir are lower in patients with cirrhosis
In both the NEUTRINO and FISSION trials, few patients discontinued treatment, with higher rates of most adverse events occurring in patients treated with peg-interferon and ribavirin.
POSITRON, 20 a phase 3 clinical trial, tested sofosbuvir in patients with HCV genotype 2 or 3 who were ineligible for peg-interferon, unwilling to take peg-interferon, or unable to tolerate peg-interferon (mainly because of clinically significant psychiatric disorders). Patients were randomized to two treatment groups for 12 weeks: sofosbuvir plus ribavirin, or placebo. About 50% of patients had HCV genotype 3, and 16% had cirrhosis.
The overall rate of sustained virologic response at 12 weeks after treatment was 78% in the sofosbuvir-and-ribavirin group (93% in genotype 2 patients and 61% in genotype 3 patients). Again, cirrhosis was associated with a lower rate of sustained virologic response (61% of patients with cirrhosis achieved a sustained virologic response vs 81% of patients without cirrhosis). None of the sofosbuvir-treated patients had virologic failure while on treatment.
FUSION, 20 another phase 3 trial, evaluated sofosbuvir in patients infected with HCV genotype 2 or 3 for whom interferon-based treatment had failed. They were randomized to either 12 weeks or 16 weeks of sofosbuvir and weight-based ribavirin treatment. About 60% of patients had HCV genotype 3, and 34% had cirrhosis.
The overall sustained virologic response rate was 50% in the patients treated for 12 weeks and 73% in those treated for 16 weeks: specifically, 86% of patients with genotype 2 achieved a sustained virologic response at 12 weeks and 94% at 16 weeks, whereas in those with genotype 3 the rates were 30% at 12 weeks and 62% at 16 weeks.
Cirrhosis was again a predictor of lack of response to sofosbuvir. In the group treated for 12 weeks, 31% of those with cirrhosis achieved a sustained virologic response compared with 61% in those without cirrhosis. In the group treated for 16 weeks, 61% of those with cirrhosis achieved a sustained virologic response compared with 76% in those without cirrhosis.
In both the POSITRON and FUSION trials, relapse accounted for all treatment failures, and no virologic resistance was detected in patients who did not have a sustained virologic response. The investigators concluded that 12 weeks of treatment with sofosbuvir and ribavirin can be effective for HCV genotype 2 infection, but extending the treatment to 16 weeks may be beneficial for genotype 3. This may be especially important in patients with cirrhosis or those who did not have a response to peg-interferon-based treatment.
VALENCE, 21 an ongoing phase 3 trial in Europe, is assessing the safety and efficacy of sofosbuvir 400 mg once daily and weight-based ribavirin in patients with HCV genotype 2 or 3. Eighty-five percent of the trial participants have received previous treatment, and 21% have cirrhosis. Patients were originally randomized in a 4:1 ratio to receive sofosbuvir plus ribavirin for 12 weeks or matching placebo, but as a result of emerging data suggesting that patients with genotype 3 would benefit from more than 12 weeks of treatment, the study was subsequently amended to extend treatment to 24 weeks for patients with genotype 3.
Overall rates of sustained virologic response were 93% in patients with genotype 2 and 85% in patients with genotype 3. In previously treated patients with genotype 2 who were treated for 12 weeks, the rates of sustained virologic response were 91% in those without cirrhosis vs 88% in those with cirrhosis. In previously treated patients with genotype 3, the rates in those treated for 24 weeks were 87% in patients without cirrhosis vs 60% with cirrhosis. The safety profile was consistent with that of ribavirin.
Side effects occurred most often when sofosbuvir was combined with interferon and ribavirin 
DUGUM AND O'SHEA
Side effects of sofosbuvir
In clinical trials, side effects occurred most often when sofosbuvir was combined with interferon and ribavirin and were consistent with the known side effects of the latter two agents. The most frequently reported side effects included fatigue, insomnia, nausea, rash, anemia, headache, and arthralgia, with most of these adverse events rated by treating clinicians as being mild in severity. 15, 20 In the ATOMIC trial, the most common events leading to drug discontinuation were anemia and neutropenia, both associated with interferon and ribavirin. Patients receiving sofosbuvir monotherapy after 12 weeks of triple therapy showed rapid improvement in hemoglobin levels and neutrophil counts, indicating that hematologic abnormalities attributed solely to sofosbuvir are minimal. In the FISSION trial, the incidence of adverse events was consistently lower in those receiving sofosbuvir-ribavirin than in patients receiving interferon-ribavirin without sofosbuvir. 19 In the POSITRON trial, discontinuation of sofosbuvir because of adverse events was uncommon, and there were no differences in the incidence of adverse events and laboratory abnormalities between patients with and without cirrhosis when they received sofosbuvir and ribavirin. 20 
Sofosbuvir dosage and indications
Sofosbuvir is approved in an oral dose of 400 mg once daily in combination with ribavirin for patients infected with HCV genotype 2 or 3 and in combination with ribavirin and interferon alfa in patients infected with HCV genotype 1 or 4 (TABLE 3). It could be considered for HCV genotype 1 in combination with ribavirin alone for 24 weeks in patients who are ineligible for interferon.
Sofosbuvir is also recommended in combination with ribavirin in HCV-infected patients with hepatocellular carcinoma who are awaiting liver transplantation, for up to 48 weeks or until they receive a transplant, to prevent posttransplant reinfection with HCV.
Sofosbuvir is expensive
A course of therapy is expected to cost about $84,000, which is significantly more than the cost of previous triple therapy (peg-interferon, ribavirin, and either boceprevir or telaprevir). 22 This high cost will undoubtedly lead to less widespread use in developing countries, and potentially even in the United States. As newer direct-acting antiviral agents become available, the price will likely come down, enhancing access to these drugs.
■ SIMEPREVIR: A SECOND-GENERATION PROTEASE INHIBITOR
Telaprevir and boceprevir are NS3/A4 protease inhibitors that belong to the alfa-ketoamid derivative class. Simeprevir belongs to the macrocyclic class and has a different way of binding to the target enzyme. 23 Like sofosbuvir, simeprevir was recently approved by the FDA for the treatment of HCV genotype 1.
The therapeutic efficacy of simeprevir has been tested in several clinical trials (TABLE 4), including QUEST-1 24 and QUEST-2 25 (in previously untreated patients), PROMISE 26 (in prior relapsers), and ASPIRE 27 (in prior partial and null responders). Results from these trials showed high overall rates of sustained virologic response with triple therapy (ie, simeprevir combined with peg-interferon and ribavirin). It was generally well tolerated, and most adverse events reported during 12 weeks of treatment were of mild to moderate severity.
In QUEST-1 and QUEST-2, both double-blind phase 3 clinical trials, previously untreated patients infected with HCV genotype 1 were randomized in a 2:1 ratio to receive either simeprevir 150 mg daily or placebo for 12 weeks; both groups also received peg-interferon and ribavirin. Patients then received peg-interferon and ribavirin alone for 12 or 36 weeks in the simeprevir group (based on response) and for 36 weeks in the placebo group.
The overall rate of sustained virologic response at 12 weeks was 80% in the simeprevir group (75% in those with genotype 1a and 85% in those with genotype 1b) vs 50% in the placebo group (receiving peg-interferon and Advantages of simeprevir: once-daily dosing, fewer adverse effects, fewer interactions PROMISE, 26 another double-blind randomized phase 3 clinical trial, evaluated simeprevir in patients with HCV genotype 1 who relapsed after previous interferon-based therapy. It had a similar design to QUEST-1 and QUEST-2, and 15% of all patients had cirrhosis.
The overall sustained virologic response rate at 12 weeks after treatment was 79% in the simeprevir group (70% in patients with genotype 1a and 86% in those with genotype 1b) vs 37% in the placebo group. Rates were similar in patients with absent to moderate fibrosis (82%), advanced fibrosis (73%), or cirrhosis (74%).
ASPIRE. 27 Simeprevir efficacy in patients with HCV genotype 1 for whom previous therapy with peg-interferon and ribavirin had failed was tested in ASPIRE, a double-blind randomized phase 2 clinical trial. Patients were randomized to receive simeprevir (either 100 mg or 150 mg daily) for 12, 24, or 48 weeks in combination with 48 weeks of peginterferon and ribavirin, or placebo plus peginterferon and ribavirin for 48 weeks.
The primary end point was the rate of sustained virologic response at 24 weeks. Overall, rates were 61% to 80% for the simeprevir treatment groups compared with 23% with placebo, regardless of prior response to peg-interferon and ribavirin. By subgroup, rates were: • 77% to 89% with simeprevir vs 37% with placebo in prior relapsers • 48% to 86% with simeprevir vs 9% with placebo in prior partial responders • 38% to 59% with placebo vs 19% for prior nonresponders.
The best rates of sustained viral response at 24 weeks were in the groups that received simeprevir 150 mg daily: 85% in prior relapsers, 75% in prior partial responders, and 51% in prior nonresponders.
Simeprevir vs other direct-acting antiviral drugs
Advantages of simeprevir over the earlier protease inhibitors include once-daily dosing, a lower rate of adverse events (the most common being fatigue, headache, rash, photosensitivity, and pruritus), a lower likelihood of discontinuation because of adverse events, and fewer drug-drug interactions (since it is a weak inhibitor of the CYP3A4 enzyme).
Unlike sofosbuvir, simeprevir was FDAapproved only for HCV genotype 1 and in combination with interferon alfa and ribavirin. Compared with sofosbuvir, the treatment duration with simeprevir regimens is longer overall (interferon alfa and ribavirin are given for 12 weeks in sofosbuvir-based regimens vs 24 to 48 weeks with simeprevir). As with sofosbuvir, the estimated cost of simeprevir is high, about $66,000 for a 12-week course.
Simeprevir dosage and indications
Simeprevir was approved at an oral dose of 150 mg once daily in combination with ribavirin and interferon alfa in patients with HCV genotype 1 (TABLE 5).
The approved regimens for simeprevir are 
MiR122 inhibitors Miravirsen
Entry inhibitors ITX5061
INFORMATION COMPILED FROM REFERENCES 30, 31, 32, 33, 34, AND 35. fixed in total duration based on the patient's treatment history. Specifically, all patients receive the drug in combination with peg-interferon and ribavirin for 12 weeks. Then, previously untreated patients and prior relapsers continue to receive peg-interferon and ribavirin alone for another 12 weeks, and those with a partial or null response continue with these drugs for another 36 weeks. Patients infected with HCV genotype 1a should be screened for the NS3 Q80K polymorphism at baseline, as it has been associated with substantially reduced response to simeprevir.
Sofosbuvir and simeprevir in combination
The COSMOS trial. 28 Given their differences in mechanism of action, sofosbuvir and simeprevir are being tested in combination. The COSMOS trial is an ongoing phase 2 randomized open-label study investigating the efficacy and safety of simeprevir and sofosbuvir in combination with and without ribavirin in patients with HCV genotype 1, including nonresponders and those with cirrhosis. Early results are promising, with very high rates of sustained virologic response with the sofosbuvir-simeprevir combination (93% to 100%) and indicate that the addition of ribavirin might not be needed to achieve sustained virologic response in this patient population.
■ THE FUTURE
The emergence of all-oral regimens for HCV treatment with increasingly sophisticated agents such as sofosbuvir and simeprevir will dramatically alter the management of HCV patients. In view of the improvement in sustained virologic response rates with these treatments, and since most HCV-infected persons have no symptoms, the US Centers for Disease Control and Prevention 29 recently recommended one-time testing of the cohort in which the prevalence of HCV infection is highest: all persons born between 1945 and 1965. This undoubtedly will increase the detection of this infection-and the number of new patients expecting treatment.
Future drugs promise further improvements (TABLE 6) . [30] [31] [32] [33] [34] [35] Advances in knowledge of the HCV molecular structure have led to the development of numerous direct-acting antiviral agents with very specific viral targets. A second wave of protease inhibitors and of nucleoside and nonnucleoside polymerase inhibitors will soon be available. Inhibitors of NS5A (a protein important in the assembly of the viral replication complex) such as daclatasvir and ledipasvir, are currently in phase 3 clinical trials. Other viral proteins involved in assembly of the virus, including the core protein and p7, are being explored as drug tarPatients with HCV genotype 1a should be screened for the NS3 Q80K polymorphism when starting simeprevir gets. In addition, inhibiting host targets such as cyclophilin A and miR122 has gained traction recently, with specific agents currently in phase 2 and 3 clinical trials. Factors that previously were major determinants of response to treatment, such as IL28B genotype, viral load, race, age, extent of fibrosis, and genotype 1 subtypes, will become much less important with the introduction of highly potent direct-acting antiviral agents.
Many all-oral combinations are being evaluated in clinical trials. For example, the openlabel, phase 2 LONESTAR trial tested the utility of combining sofosbuvir and ledipasvir (an NS5A inhibitor) with and without ribavirin for 8 or 12 weeks in previously untreated patients with HCV genotype 1, and for 12 weeks in patients with HCV genotype 1 who did not achieve a sustained virologic response after receiving a protease inhibitor-based regimen (half of whom had compensated cirrhosis). 36 Sustained virologic response rates were very high (95% to 100%) in both previously treated and previously untreated patients, including those with cirrhosis. Similar rates were achieved by the 8-week and 12-week groups in noncirrhotic patients who had not been previously treated for HCV. The typical hematologic abnormalities associated with interferon were not observed except for mild anemia in patients who received ribavirin. These results suggest that the combination of sofosbuvir and ledipasvir could offer a very effective, short, all-oral treatment for patients with HCV genotype 1, including those with cirrhosis, who up to now have been difficult to treat.
Challenges remaining
The success of sofosbuvir and simeprevir paves the way for interferon-free regimens. 37 For a long time, the treatment of HCV infection required close monitoring of patients while managing the side effects of interferon, but the current and emerging direct-acting antiviral agents will soon change this practice. Given the synergistic effects of combination therapy-targeting the virus at multiple locations, decreasing the likelihood of drug resistance, and improving efficacy-combination regimens seem to be the optimal solution to the HCV epidemic. Lower risk of side effects and shorter treatment duration will definitely improve the acceptance of any new regimen. New agents that act against conserved viral targets, thereby yielding activity across multiple genotypes, will be advantageous as well. Clinical challenges remain, including the management of special patient populations for whom data are still limited. These include patients with cirrhosis, chronic kidney disease, renal failure, and concurrent infection with human immunodeficiency virus, and patients who have undergone solid organ transplantation. Clinical trials are under way to evaluate the treatment options for these patients, who will likely need to wait for the emergence of additional agents before dramatic improvement in sustained virologic response rates may be expected. 38 As the treatment of HCV becomes simpler, safer, and more effective, primary care physicians will increasingly be expected to manage it. Difficult-to-treat patients, including the special populations above, will require specialist management and individualized treatment regimens, at least until better therapies are available. The high projected cost of the new agents may limit access, at least initially. However, the dramatic improvement in sustained virologic response rates and all that that implies in terms of decreased risk of advanced liver disease and its complications will undoubtedly make these therapies cost-effective. 39 
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